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Daylight has an undeniable impact on our spatial experience, which has been broadly 
acknowledged in architecture [1]–[4]. However, current lighting practices and metrics tend 
to limit sunlight penetration, a trend that can lead to monotonous light landscapes [5]. 
Although daylight characteristics such as contrast and luminance variation [6]–[10], as well 
as their spatial distribution [11], [12], have been repeatedly linked with impressions of 
interest in lighting research, we have limited knowledge on how the façade geometry and the 
resulting sunlight patterns affect perception. This work investigates the architect’s intuition 
on how façade geometry can impact occupant perception and compares this intuition with 
the evaluations of people experiencing scenes with different façade geometries. 
 
Figure 1.  The façade patterns used in the paper-based survey on architects’ intuition, based 
on façades of existing buildings. The patterns have the same perforation ratio and were shown 
in a random order. 
Following an extensive review of architectural case studies, 20 façade patterns from existing 
buildings were selected and adjusted to a 40% perforation ratio, shown as one of the most 
preferred [13]. These patterns were applied to a sample scene and rendered with Radiance 
[14]. The resulting renderings (Figure 1) were used in a survey where 80 architects working 
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in Switzerland indicated three patterns at a time which would make a space the most exciting, 
the least exciting, the most calming, and the least calming.  
Patterns exhibiting great consensus regarding their potential to affect spatial experience 
were selected to further investigate occupant perception (Figure 3). Six patterns were 
applied to the 3D model of an existing building and were used to create omni-directional 
stereoscopic scenes, following an existing workflow which combines the use of physically-
based renderings with projection in virtual reality [15]. The scenes were shown in an 
experimental study in VR using the Oculus CV1 headset, where 80 participants who have 
lived at least 2 years in Switzerland saw in random order all six façade variations, under two 
variations of clear sky, with furniture corresponding to social or working activity (Figure 2). 
The participants’ subjective evaluations (such as how exciting and calming the space was 
perceived) and physiological responses (skin conductance and heart rate) were recorded 
using a questionnaire and an Empatica E4 bracelet [16], respectively. 
 
 
Figure 2. Photograph of a participant experiencing an immersive scene in VR (left) and 
indicative screenshot of such a scene where a subset of patterns selected from Figure 1 were 
applied to the façade of a simulated space. 
 
The assessments of the architect’s intuition show a high agreement, with cases of patterns 
chosen by 38-49% of the architects (Figure 3). In the experimental study, the direction of 
participants’ evaluations is in agreement with the architects’ intuition in the case of low 
complexity patterns, and differs in cases of high complexity patterns (Figure 4). This 
indicates cases of discord between expert and non-expert perception, and motivates further 
systematic study. Initial results from the heart rate measures reveal different responses 
between patterns, and highlight the potential for further research. Upcoming work will focus 
on the detailed analysis of the experimental results to investigate their relation with previous 
findings by the authors on the effect of façade characteristics on subjective and physiological 
responses [17], [18], and broaden our understanding on the complex effects of daylight and 
architecture on people. 
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Figure 3. Distribution of the 20 patterns in the dimensions of calming and exciting based on 
the survey of architect’s intuition, corresponding to the difference between how often a 
pattern was selected as the most and least representative pattern in each dimension. The 
highlighted patterns were used in the immersive scenes in VR. 
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Figure 4. Distribution of the subset of patterns from Figure 3 in the dimensions of exciting and 
calming based on difference between the percentage of responses where each pattern was 
evaluated in the positive range (>5) and the negative range (<5) on a rating scale from 0 (Not 
at all) to 10 (Very) in the experiment in virtual reality. 
 
References 
[1] P. Zumthor, Atmospheres : architectural environments - surrounding objects. Basel: 
Birkhäuser - Publishers for Architecture, 2006. 
[2] S. Holl, S. Kwinter, and J. Safont-Tria, Color, Light, Time, 1 edition. Zurich, Switzerland: Müller, 
Lars, 2011. 
[3] J. Pallasmaa, The Eyes of the Skin: Architecture and the Senses, 3 edition. Chichester: Wiley, 
2012. 
[4] K. Steemers and M. A. Steane, Environmental Diversity in Architecture. Routledge, 2012. 
[5] M. Corrodi and K. Spechtenhauser, Illuminating: natural light in residential architecture. 
Basel, Boston, Berlin: Birkhäuser, 2008. 
[6] D. L. Loe, K. P. Mansfield, and E. Rowlands, “Appearance of lit environment and its relevance 
in lighting design: Experimental study,” Light. Res. Technol., vol. 26, no. 3, pp. 119–133, 1994. 
5 
[7] K. Parpairi, N. V. Baker, K. A. Steemers, and R. Compagnon, “The Luminance Differences index: 
a new indicator of user preferences in daylit spaces,” Light. Res. Technol., vol. 34, no. 1, pp. 53–66, 
2002. 
[8] K. Van Den Wymelenberg, M. Inanici, and P. Johnson, “The Effect of Luminance Distribution 
Patterns on Occupant Preference in a Daylit Office Environment,” LEUKOS, vol. 7, no. 2, pp. 103–122, 
2010. 
[9] S. Rockcastle, M. L. Amundadottir, and M. Andersen, “Contrast measures for predicting 
perceptual effects of daylight in architectural renderings,” Light. Res. Technol., vol. 49, no. 7, pp. 882–
903, 2017. 
[10] S. Rockcastle, K. Chamilothori, and M. Andersen, “Using Virtual Reality to Measure Daylight-
Driven Interest in Rendered Architectural Scenes,” in Proceedings of Building Simulation 2017, San 
Francisco, CA, USA, 2017. 
[11] A. Omidfar, M. Niermann, and L. N. Groat, “The use of environmental aesthetics in subjective 
evaluation of daylight quality in office buildings,” in Proceedings of IES Annual Conference, 
Indianapolis, 2015. 
[12] K. Chamilothori, J. Wienold, and M. Andersen, “Daylight patterns as a means to influence the 
spatial ambiance: a preliminary study,” in Proceedings of the 3rd International Congress on 
Ambiances, Volos, Greece, 2016. 
[13] J. Friedenberg and B. Liby, “Perceived beauty of random texture patterns: A preference for 
complexity,” Acta Psychol. (Amst.), vol. 168, pp. 41–49, 2016. 
[14] G. Ward Larson, “The RADIANCE lighting simulation and rendering system,” in Proceedings 
of the 21st annual conference on Computer graphics and interactive techniques, New York, NY, USA, 
pp. 459–472, 1994. 
[15] K. Chamilothori, J. Wienold, and M. Andersen, “Adequacy of Immersive Virtual Reality for the 
Perception of Daylit Spaces: Comparison of Real and Virtual Environments,” LEUKOS, pp. 1–24, 2018 
(published online first). 
[16] M. Garbarino, M. Lai, D. Bender, R. W. Picard, and S. Tognetti, “Empatica E3 #x2014; A 
wearable wireless multi-sensor device for real-time computerized biofeedback and data acquisition,” 
in 2014 4th International Conference on Wireless Mobile Communication and Healthcare - 
Transforming Healthcare Through Innovations in Mobile and Wireless Technologies 
(MOBIHEALTH), pp. 39–42, 2014. 
[17] K. Chamilothori et al., “Perceived interest and heart rate response to façade and daylight 
patterns in Virtual Reality,” in Proceedings of the ANFA 2018, 2018. 
[18] K. Chamilothori, G. Chinazzo,  de M. Rodrigues, E. Dan-Glauser, J. Wienold, and M. Andersen, 
“Subjective and physiological responses to façade and sunlight pattern geometry in virtual reality,” 
Build. Environ. (under review). 
 
